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(57) Abstract 

An artificial joint mechanism with a flexible mid-section and which, by means of said connecting members or pins, cooper- 
ates with anchoring members arranged in the bone tissue. At least the mid-section of the joint mechanism is provided with suit- 
able reinforcements in the form of fibers, strips, layer, etc. of a suitable flexible, resilient material to optimally impart normal 
joint function, partly in order to guarantee the ability of the artificial joint to withstand repeated bending stress and partly to pro- 
vide the artificial joint with a necessarily limited pivotability. The reinforcement has various configurations and are either inside 
or outside the mid-section and usually extending along the body toward the end pins. 
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1 

ARTIFICIAL JOINT MECHANISM 

The present invention relates to an artificial, elastic 
joint mechanism intended for use in reconstructing joints 
such as finger joints , wrists, ankles, elbows, hip- joints, 
knees, toe joints and other joints in the human body* The 
5 joint mechanism can also be used to replace disc functions 
in the spine. 

A joint body for joint prostheses consisting entirely of an 
elastomeric material is described, for instance, in US 

10 Patent 3,875,594. This known body is provided with pins 

protruding from its opposing short sides and formed in one 
piece with the body, said pins being designed to fit into 
cavities in respective bone pipes. This direct anchoring of 
the joint body in the bone tissue has been found to give 

15 rise to serious drawbacks, such as undesired wear between 
the pins and the surrounding tissue upon movement of the 
joint, with consequent risk of inflammation and tissue 
damage . 

20 To eliminate the latter drawback, according to Swedish 
patent Application No. 87 04 211-5 corresponding to US 
Application No. 473,992, filed May 2, 1990 a combination is 
suggested comprising a mid section of resilient material 
arranged as a joint body between a pair of pins, the pins 

25 being attached by means of flanges embedded in the material 
and arranged transversely to the pins, and a tubular screw 
for each pin which can be secured in the bone, into which 
the pin is inserted, the pins and screws consisting of a 
biocompatible material. This construction has enabled 

30 better anchoring of the joint prosthesis in the bone pipes 
than was possible in the construction according to US 
Patent 3,875,594 mentioned above. 

However, it has been found that the joint body used in both 
35 the above-mentioned constructions, which consists of sili- 
con rubber or polyurethane , is not satisfactory with re- 
spect to the expectations which must be placed on such an 



WO 91/16014 PCT/SE91/00286 



artificial joint. First of all, there is considerable risk 
of tissue damage and inflammation due to the constant 
movement of the pins in the tissue or in the attachment 
member. Furthermore, it has been found in practice that the 
5 joint body itself is not sufficiently strong in the en- 
vironment in which it is used. A certain bending resistance 
is desired in such joint bodies, i.e. a more or less direc- 
ted bending function, in order to emulate the normal func- 
tion of a joint as much as possible. 

10 

An object of the present invention, therefore, is to achie- 
ve a joint body which is more durable in use, and which can 
be optimally adjusted to the bending function of the joint 
it is replacing. 

15 

This and other objects are achieved by providing an artifi- 
cial joint mechanism for replacing a natural joint compri- 
sing a joint body which includes a flexible mid-section, 
connecting means for connecting said joint body to bone 
20 tissue and reinforcement means for resiliently maintaining 
in said joint body in its original shape following repeated 
deformations of said joint body in its main bending direc- 
tion, said reinforcement means connected to at least said 
flexible mid-section. 

25 

According to a suitable embodiment of the invention, the 
mid-section with protruding pins, if any, consists of a 
thermoplast containing di-phenyl-sulphone groups of the 
type 



30 




The material proposed, according to the invention, has the 
35 ability to return to its original form to at least 80 % 
after repeated, varying deformations. That means that it 
will not return 100% to its origianl shape but nearly to 
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that shape, i.e. about at least 80 %. 

According to a preferred embodiment of the invention, the 
reinforcement consists of a number of fibers embedded 
5 longitudinally in the mid-section, said fibers extending 
along the direction of movement of the mid-section and 
continuing into the pins. 

The reinforcement may suitably be comprised of titanium 
10 threads, carbon fibers, polymer fibers, cable-like twisted 
fibers, a mesh of plastic or metal, suitably titanium, 
woven inserts of biocompatible material, relatively thin 
strips or plates of primarily biocompatible material, 
preferably titanium, and the like* 

15 

The reinforcement of a selected material may suitably be in 
the form of a number of layers of pre-f abricated strips, 
plates, or net-like inserts arranged one on top of the 
other, with spacing between, along the mid-section, the 
20 narrowing end portions of those layers, strips, etc., 
extending into the end pins. 

In order to obtain special joint effects, a part of the 
reinforcement may be arranged transverse to the normal 
25 direction of movement of the joint, or as a three-dimenso- 
nal space pattern with certain diagonal reinforcements in 
the joint body. 

The reinforcement can also be arranged outside the actual 
30 joint body in the form of a spiral coil surrounding at 

least the mid-section. In another embodiment the spiral or 
helix is embedded in the joint body mid-section. 

So as not to affect the surrounding tissue, the joint 
35 mechanism may be arranged in a sleeve-shaped outer casing 

surrounding at least the mid-section. That outer casing may 
be suitably comprised of titatium. 
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The joint body mid-section typically is of an elongate, 
generally similar cross section shape, with thickness 
variation for optimum support and bendability. In one pre- 
ferred embodiment , the body is generally half spherical, 
5 with the connecting means or end pins respecitvely projec- 
ting from the flat side and the rounded side of the joint 
body mid-section. 

The joint mechanism described herein includes reinforcement 
10 to optimize flexibility in the main bending direction of 
the reconstructed joint and/or pivotability of the joint 
mechanism. 

Other features and advantages of the present invention will 
15 become apparent from the following description of the 
invention which refers to the accompanying drawings. 

Figure 1 shows a section through a joint body reinforced in 
accordance with the invention; 

20 

Figure 2 shows a section throuch another embodiment of a 
joint body according to the invention; and 

Figures 3-5 show additional alternate embodiments, Figure 4 
25 in section, and Figures 3 and 5 in perspective views. 

Figures 6-9 show sections through further embodiments of a 
joint body according to the invention with the "a" Figures 
showing transverse sections and the ,f b" Figures showing top 
30 view cross sections. 

Figure 10 is a perspective of a further embodiment of a 
joint body. 



35 



Figure 11 is a top view cross section through yet another 
embodiment. 
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Figure 12 is a top view cross section through a still 
further embodiment. 

Figure 13 is a top view of yet another embodiment of a 
5 joint body. 

Figure 14 is a side view thereof. 

Referring to the drawings, a joint body is designated l. 
10 When the joint body 1 is used together with anchoring ele- 
ments screwed into respective bones, the joint body 1 is 
provided with a pair of protruding pins 2 intended to 
cooperate with cavities arranged in the anchoring elements. 

15 However, the joint body 1 may also be shaped without pro- 
truding pins if it is to be used as a joint mechanism for 
constructions described in United States patent application 
No. 406,587, filed September 13, 1989. 

20 The joint body 1 preferably comprises an elastomer ic mate- 
rial, and in the embodiment according to Fig. 1 it is 
provided with reinforcement means 3 in the form of a number 
of fibers extending longitudinally through the mid-section 
between pins 2 and out into the pins. 

25 

Reinforcement means 3 may consist, for instance, of tita- 
nium threads, carbon fibers, polymer fibers, cable-like 
twisted fibers, mesh of plastic or metal, suitably tita- 
nium, wowen inserts of biocompatible material, thin strips, 
30 or thin plates, of primarily biocompatible material, prefe- 
rably titanium or the like. 

In the embodiment according to Fig. 2, reinforcement means 
3 consists of a wire 4 of titanium. Here, also, reinfor- 
35 cement means 3 suitabley extends out into the pins 2. 

In the embodiments according to Figs. 1 and 2, reinfor- 



WO 91/16014 PCT/SE9 1/00286 



cement means 3 has been embedded into the joint body l and 
the pins 2 by means of injection molding, so that the 
elastomeric material surrounds the reinforcement of the 
actual pins 2, as well. 

5 

In the embodiment according to Figs. 3, 4 and 5, the rein- 
forcement 3 has a special configuration in which the end 
portions 4 which are to form the pins 2 have been compres- 
sed an are, therefore, not necessarily embedded in the 
10 elastomeric material. 

Figs. 6-12 show some principles as to the structure of the 
reinforcement 3. 

According to Figs. 6a and b, thus, the reinforcement 3 may 
consist of a number of thin strips 5, or plates 5, of 
titanium foil, for instance, arranged spaced from each 
other, their narrowing end portions 6 and 7 extending into 
the pins 2. 

According to Figs. 7a and b, the reinforcement 3 consists 
of a number of layers 8 of thin threads 9, the ends of 
which continue into the pins 2. 

According to Figs. 8a and b, the reinforcement 3 consists 
of one or more layers 10 of a net-like insert 11. 

According to Figs. 9a and b, one or more layers 10 of a 
woven material 11 are used to form the reinforcement 3. 
30 

The flexibility and elasticity of joint bodies l, reinfor- 
ced in such manner, can be governed as to direction and 
strength, depending on where the reinforcement is placed in 
the section and in which plane it is spread. 

35 

Depending on the desired degree of flexibility, control, 
etc. , the reinforcement may also be given various three- 



15 



20 
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dimensional embodiments. For instance, according to Fig. 
10 , the reinforcement may be arranged spirally around the 
joint body, i.e. it is a fiber 12 wrapped spirally around 
the pins at the ends of the body and around the body it- 
5 self. The reinforcement may be on the joint body in some 
other suitable manner in order to achieve the desired 
optimization with respect to limited flexibility, compres- 
sion, etc. 

10 The reinforcement can also be applied outside the actual 
joint body in the form of a spiral, as in Fig. 10, or the 
like. The fibers may run diagonally in the joint body 
itself as with the fibers 14, 15 in Fig. 11. Some fibers 14 
are in the body and some fibers 15 extend from pin to pin. 

15 

As in Fig. 12, the entire joint body 1 with the reinfor- 
cement 16 located either outside or inside the body itself 
can be surrounded by a biocompatible sleeve 17 of titanium, 
for instance, suitably with slight clearance, so that the 
20 surrounding tissue is not affected directly by bending 
movements of the joint body. 

In the embodiment of Figs. 13 and 14, the joint body 1 has 
a generally half spherical shell 21 including a rounded 

25 body with a flat end wall 22. The shell surrounds and 

defines the shape of the elastomeric material body. The pin 
2 at one end is integral with and of the material of the 
body 1. The pin 2a at the other end of the joint body 
projects out from the flat end wall 22 and is an integral 

30 end portion of the internal reinforcement 23, which is in 

the form of a helical coil which decreases in cross section 
toward the pin 2a, This embodiment has a special advantage 
in a joint. It permits a certain degree of rotation of the 
joint body with reference to the adjacent bone, to the 

35 extent permitted by the pins 2. 

According to a preferred embodiment of the invention, the 



WO 91/16014 



PCI7SE91/00286 



8 



elastomeric material used for the joint body 1 may be a 
thermoplastic containing di-phenyl-sulphone groups, charac 
terized by good elasticity , high durability and notch 
impact strength* In the present example, a poly-sulphonic 
5 plastic marketed by Amoco Performance Products, Inc. under 
the trade name UDELL, designation P1700, is used. This 
poly-sulphonic plastic is produced by a nucleophillic 
substitution reaction between the di-sodium salt of Bis- 
phenol A and 4 , 4-di-chlor-di -phenyl sulphone. The chemical 
10 structure then has the following appearance: 




15 

The most important consituent is the di -phenyl sulphone 
group 



20 




Ether and the isopropylide have been connected to the di- 
phenyl -sulphone group in order to give the material elasti- 
city, as well as high strength. The material properties are 
25 as follows: 

Tensile strength 70 N/mm 2 

Tension modulus 2480 N/mm 2 

Impact strength 40 Kj/m 2 

30 

Preferred tensile strength is between 50 and 90 N/mm 2 . 
Preferred modulus of elasticity is between 2000 and 2600 
N/mm 2 . Preferred notch impact strength is between 40 and 80 
J/n (with a material thickness of 2.8-15.0 mm). 

35 

It should also be pointed out here that the polysulphonic 
plastic is inert with respect to the tissue fluid and is 
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substantially impervious to water. The ability of the 
material to regain its original form after repeated, 
varying deformations is about at least 80%, that is, it 
does not fully restore to its original shape by itself. The 
5 notch impact strength stated above was measured with mate- 
rial thickness of between 2.8 and 15.0 mm. 

The invention is, of course, not limited to the embodiments 
described above and the reinf rocements can be effected in 

10 many ways in order to provide optimal joint function for 
every occasion. Although the present invention has been 
described in relation to particular embodiments thereof, 
many other variations and modifications and other uses will 
become apparent to those skilled in the art. It is prefer- 

15 red, therefore, that the present invention be limited not 
by the specific disclosures herein, but only by the appen- 
ded claims. 
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Claims 

1. An artificial joint mechanism for replacing a 

natural joint and comprising a joint body (l) 
5 which includes a flexible mid-section, connecting means (2) 
for connecting said joint body (l) to bone tissue, and 
reinforcement means (3) in at least said flexible mid- 
section for optimizing flexibility of said mid-section in 
the main bending direction of the joint mechanism and/or 
10 the pivotability of the joint mechanism. 

2 ' Tne artificial joint mechanism of claim 1, 

wherein said connecting means (2) comprises a pair of 
pins connected to said flexible mid-section and protruding 
15 therefrom for cooperation with anchoring members implanted 
in the bone tissue on each side of the joint. 

3. The artificial joint mechanism of claim l, 

wherein said reinforcement means (3) is shaped and 
20 comprised of a material for resiliently maintaining said 
joint body (1) in its original shape following repeated 
deformations of said joint body (l) in its main bending 
direction. 

25 4 * Tne artificial joint mechanism of claim l, 

wherein said mid-section is comprised of an elasto- 
meric material. 

5. The artificial joint mechanism of claim 4, 

30 wherein said mid-section is comprised of a thermo- 
plastic containing di-phenyl-sulphone groups of the type 

35 

6. The artificial joint mechanism of claim 5, 
wherein said mid-section has an ability to return to 
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its original form of at least 80% after repeated, varying 
deformations. 

7. The artificial joint mechanism of claim 4, 

5 wherein said mid-section has an ability to return to 
its original form of at least 80% after repeated, varying 
deformations . 

8. The artificial joint mechanism of claim 5, 

10 wherein said mid-section is comprised of a polymeric 
material having a tensile strength of between 50 and 90 
N/ram 2 , a modulus of elasticity of between 2000 and 2600 
N/mm 2 and a notch impact strength of between 40 and 80 J/n 
(with a material thickness of 2.8-15.0 mm). 

15 

9. The artificial joint mechanism of claim 4, 
wherein said mid-section is comprised of a polymeric 
material having a tensile strength of between 50 and 90 
N/mm 2 , a modulus of elasticity of between 2000 and 2600 

20 N/mm 2 and a notch impact strength of between 40 and 80 J/n 
(with a material thickness of 2.8-15.0 mm). 

10. The artificial joint mechanism of claim 3, 
wherein said mid-section is comprised of a polymeric 

25 material having a tensile strength of between 50 and 90 
N/mm 2 , a modulus of elasticity of between 2000 and 2600 
N/mm 2 and a notch impact strength of between 40 and 80 J/n 
(with a material thickness of 2.8-15.0 ram). 

30 11. The artificial joint mechanism of claim 2, 

wherein said mid-section and pins are comprised of a 
polymeric material having a tensile strength of between 50 
and 90 N/mm 2 , a modulus of elasticity of between 2000 and 
2600 N/mm 3 and a notch impact strength of between 40 and 80 

35 J/n (with a material thickness of 2.8-15.0 mm). 

12. The artificial joint mechanism of claim 1, 
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wherein said reinforcement means (3) comprises at 
least one fiber embedded in and extending longitudinally 
along said mid-section and extending along a direction of 
movement of said mid-section. 

5 

13. The artificial joint mechanism of claim 1, 
wherein said reinforcement means (3) comprises at 
least one reinforcement element extending along said joint 
body (l) selected from the group consisting of titanium 
10 threads, carbon fibers, polymer fibers, cable-like twisted 
fibers, plastic or metal mesh, woven inserts comprising 
biocompatible material, and thin strips or plates compri- 
sing biocompatible material. 

15 14 • The artificial joint mechanism of claim 1, 

wherein said reinforcement means (3) comprises a 
plurality of layers of a reinforcement element selected 
from the group consisting of prefabricated strips, plates 
and net-like inserts, whereing said layers are substantial- 
ly parallel to and spaced from each other wherein said 
layers extend through said mid-section and into said con- 
necting means ( 2 ) . 



20 



25 



15. The artificial joint mechanism of claim 14, 

wherein said connecting means (3) are narrower in 
cross section than said mid-section and wherein said layers 
are narrower in said connecting means (3) than in said mid- 
section. 

30 16. The artificial joint mechanism of claim l, 

wherein said reinforcement means (3) includes a 
reinforcement element transverse to a normal direction of 
movement for said joint. 

35 17. The artificial joint mechanism of claim l, 

wherein said means includes a reinforcement means 
(3) which spreads in three dimensions in said joint body (1) 
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18. The artificial joint mechanism of claim 1, 

wherein said reinforcement means (3) is a spiral 
coil surrounding said mid-section. 

5 19. The artificial joint mechanism of claim 1, further 

comprising a sleeve-shaped outer casing 
surrounding at least said mid-section. 

20. The artificial joint mechanism of claim 19, 
10 wherein said outer casing comprises titanium. 

21. The artificial joint mechanism of claim 1, 
wherein said reinforcement means (3) comprises a 
plurality of reinforcing elements extending through said 

15 joint body (1) and at least one of said elements being in a 
plane diagonal to said joint body (1). 

22. The artificial jont mechanism of claim 4, 
wherein said body is generally half spherical in 

20 shape with a flat side, and one of said connecting means 
(2) extending out of said flat side; said body having a 
rounded side and another of said connecting means (2) 
projecting from said rounded side. 

25 23. The artificial joint mechanism of claim 1, 

wherein said body is generally half spherical in 
shape with a flat side, and one of said connecting means 
(2) extending out of said flat side; said body having a 
rounded side and another of said connecting means (2) 

30 projecting from said rounded side. 

24. The artificial joint mechanism of claim 23, 
wherein said reinforcement means (3) comprises a 
helically coiled wire in said body and the helix of said 

35 coil extending toward said connecting means (2). 

25. The artificial joint mechanism of claim 24, 
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wherein said coil is wound wider in diamter toward 
said rounded side of said body and is wound gradually 
smaller in diameter toward said flat side of said body. 



5 



26. The artificial joint mechanism of claim 25, 
wherein said connecting means (2) at said flat side 
of said body is a pin integral with said coil. 
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